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SPUTTERING APPARATUS AND MANUFACTURING METHOD OF METAL 
LAYER/METAL COMPOUND LAYER BY USING THEREOF 

DESCRIPTION 

CROSS-REFERENCE TO RELATED APPLICATION 

[Para 1 ] This application is a divisional of a prior application, serial 

no. 1 0/604,857, filed August 22, 2003. 

BACKGROUND OF THE INVENTION 
[Para 2] Field of the Invention 

[Para 3] The present invention relates to a manufacturing process of 
semiconductor device. More particularly, the present invention relates to a 
sputtering apparatus and a manufacturing method of metal/metal compound 
layer by using the sputtering apparatus. 

[Para 4] Description of Related Art 

[Para 5] In a process of semiconductor metallization, due to ever increased 
high degree of integration, it is often required to form a structure with 
multilevel interconnects, where each metal layer is insulated from the other 
layers via insulation layers, and different metal layers are connected with 
conductive plugs. 

[Para 6] Aluminum and tungsten are so far the most important and 
frequently used metals in metallization processes. In prior art, aluminum is 
formed via magnetron DC sputtering and, due to its low resistivity, is primarily 
used as conducting wire between semiconductor devices. Tungsten is formed 
via chemical vapor deposition (CVD) and, due to its superior property for 
multi-layer covering and easiness for etching, is primarily used as conductive 
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plug for filling into contact or via openings. However, aluminum causes a 
phenomenon of spiking, while tungsten is not desirable due to its adhesive 
property on substrates. Thus, in order to avoid spiking associated with 
aluminum and enhance adhesion of tungsten with the insulating layer on two 
sidewalls and with the metal layer under tungsten, a conductive material called 
barrier layer is often formed between the metal of aluminum or tungsten and 
other materials. 

[Para 7] Titanium nitride is currently one of the most frequently used 
materials as barrier layers in very large scale integration process (VLSI). 
Further, for enhancing the capability of Ohmic Contact of a metal on silicon, 
titanium nitride barrier layer as used in a process to form a contact metal is 
utilized in combination with titanium in a form of titanium/titanium nitride. In 
processes to form contact metals, titanium and titanium nitride are formed via 
physical vapor deposition (PVD). 

[Para 8] One of the methods in prior art to form titanium/titanium nitride is 
magnetron DC sputtering by depositing a titanium layer on a wafer, where the 
gas being used is argon and titanium is deposited with a thickness of about 
200 A. Afterwards, reactive sputtering is carried out in the same chamber to 
form a layer of titanium nitride on the titanium layer, where the gases being 
used are nitrogen and argon, and titanium nitride is deposited with a thickness 
of about 400 A. In the above method, titanium layer and titanium nitride layer 
are formed in the same chamber, and thus titanium nitride particles will be 
deposited on the wafer to cause problems on quality of products. 

[Para 9] To solve such problem of deposition of titanium nitride particles, 
methods employed in prior art include changing roughness of process kits, 
changing magnetic distribution of the apparatus, enhancing quality of target, 
improving conditions of hardware (e.g., gas pipelines) and modifying purge 
formulas. However, all of the forgoing methods fail to effectively reduce the 
deposition of titanium nitride particles and have problems such as high costs 
and low productivity. 
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[Para 1 0] In view of the foregoing, the present invention provides an 
apparatus and a manufacturing method of metal layer, for reducing the 
deposition of titanium nitride particles, avoiding adhesion of titanium nitride 
particles, and to improve adhesive property of titanium and titanium nitride. 

[Para 1 1 ] According to one object of the present invention is to 

provide a sputtering apparatus capable of maintaining the reaction 
temperature within the chamber substantially uniform. 

[Para 1 2] According to another object of the present invention is to 

provide a water-cooling system that is capable of controlling the inner sidewall 
of the chamber for rendering the reaction temperature within the chamber 
substantially uniform. 

[Para 1 3] According to another object of the present invention is to 

provide a manufacturing method of forming metal/metal compound layer 
using sputtering apparatus of the present invention so that the adhesion 
property of the metal/metal compound layer can be effectively promoted. 

[Para 14] According to another object of the present invention is to 

provide a manufacturing method of forming metal/metal compound layer 
using sputtering apparatus of the present invention so that the number of 
particle deposition on the wafer can be substantially reduced. 

[Para 1 5] In accordance with the above objects and other advantages of the 
present invention, a sputtering apparatus, and a manufacturing method of 
forming a metal/metal compound layer is provided. The sputtering apparatus 
includes a chamber, a cathode, a power-supplying device, a metal target, a 
wafer-supporting device, a pressure-reducing device, a gas-supplying device, 
a temperature-measuring device and a water-cooling system. The cathode is 
installed on the top of the chamber. The power-supplying device is connected 
to the cathode. The metal target is installed on the cathode. The wafer- 
supporting device, on which a wafer can be held, is installed in the chamber 
and is coaxial with and parallel to the metal target. The pressure-reducing 
device is connected to the chamber to keep the vacuum in the chamber on a 
certain level. The gas-supplying device is connected to the chamber to supply 
gases to the chamber. The temperature-measuring device includes a 
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temperature sensor and a temperature receiver. The temperature sensor is 
installed on the inner sidewall of the chamber to measure the sidewall 
temperature of the chamber. The temperature receiver is connected to the 
temperature sensor to receive and store the temperature data measured by the 
temperature sensor. The water-cooling system includes cooling water piping 
and a temperature controlling device of the chamber. The cooling water 
piping encircles on the sidewalls of the chamber. The temperature controlling 
device of the chamber is connected to the cooling water piping and the 
temperature sensor to supply cooling water into the cooling water piping and 
to adjust flow rate of the cooling water to control temperature of the inner 
sidewalls of the chamber based on temperature signals received from the 
temperature receiver. 

[Para 16] A magnetron device is installed in the cathode of the foregoing 
sputtering apparatus. The power-supplying device is a high-voltage DC power 
supplier, and the temperature sensor is a thermo couple. As installed in the 
sputtering apparatus to measure the sidewall temperature of the chamber, the 
temperature-measuring device can be utilized in a sputtering process for 
feedback control of the water-cooling system to keep inner wall temperature 
of the chamber at about 50 °C ~ 70 °C, for reducing the difference of 
temperature distribution in the chamber, and thereby improving adhesive 
property of titanium and titanium nitride, and reducing the deposition of 
titanium nitride particles. 

[Para 1 7] The present invention further provides a manufacturing method of 
metal layer/metal compound layer. A wafer is first placed in a chamber. After 
forming a metal layer on the wafer in the same chamber, a metal compound 
layer is subsequently formed over the metal layer. During the process of 
forming the metal layer and the metal compound layer, the sidewall 
temperature of the chamber is controlled at about 50 °C ~ 70 °C. 

[Para 1 8] In the foregoing method, the metal layer is formed with the 
material of titanium via magnetron DC sputtering, whereas the metal 
compound layer is formed with the material of titanium nitride via reactive 
sputtering. The sidewall temperature of the chamber is controlled at about 50 
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°C ~ 70 °C by measuring the sidewall temperature of the chamber, based on 
which, the flow rate of cooling water can be adjusted for controlling the 
sidewall temperature. 

[Para 1 9] According to a principal aspect of manufacturing method of metal 
layer/metal compound layers of the present invention, during the formation of 
the metal/metal nitride layers, the sidewall temperature of the chamber is 
controlled at about 50 °C ~ 70 °C in order to reduce the difference of 
temperature distribution in the chamber so as to improve adhesive property of 
the metal layer and the metal compound layer, and reduce the deposition of 
metal compound particles. 

[Para 20] It is to be understood that both the foregoing general description 
and the following detailed description are exemplary, and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[Para 21 ] The accompanying drawing is included to provide a further 
understanding of the invention, and is incorporated in and constitutes a part 
of this specification. The drawing illustrates an embodiment of the invention 
and, together with the description, serves to explain the principles of the 
invention. 

[Para 22] Fig. 1 is a schematic diagram showing the structure of a chamber 
of a sputtering apparatus according to one of preferred embodiments of the 
present invention. 

DESCRIPTION OF THE PREFERRED EM BO DIM NETS 

[Para 23] Fig. 1 is a schematic diagram showing the structure of a chamber 
of a sputtering apparatus based on one of preferred embodiments of the 
present invention. In the embodiment, the sputtering apparatus is, for 
example, AMAT Endura CL-SIP (Self Ionization Plasma). 
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[Para 24] In a preferred embodiment of the present invention, a temperature 
controlling device as installed on the sidewall of the chamber of the sputtering 
apparatus to control the temperature of the chamber during the process of 
forming titanium/titanium nitride. The purpose of using the temperature 
controlling device is for reducing the difference of temperature distribution in 
the chamber so that the temperature distribution within the chamber can be 
substantially uniform. According to the present invention, when the 
titanium/titanium nitride layers are formed under a substantially uniform 
temperature condition, the adhesive property of titanium and titanium nitride 
can be substantially promoted and also the deposition of titanium nitride 
particles can be substantially reduced. 

[Para 25] Referring to Fig. 1 , a chamber 1 00 of a sputtering apparatus is 
provided. The chamber 1 00 comprises a cathode 1 02, a magnetron device 
1 04, a power-supplying device 1 06, a wafer-supporting device 1 1 0, a 
temperature-measuring device 1 14, a water-cooling system 1 16, an air- 
extracting device 1 1 8, and an air-supplying device 1 20, etc. 

[Para 26] The cathode 1 02 is, for example, installed on the top portion of 
the chamber 100. The magnetron device 104 is installed in the cathode 102. 
The power-supplying device 1 06, as connected to the cathode 1 02, is a high- 
voltage DC power-supplying device, for example. The metal target 1 08 is 
installed on the cathode 102. 

[Para 27] The wafer-supporting device 1 1 0 is installed in the chamber 1 00, 
and is coaxial with and parallel to the metal target 108. The wafer-supporting 
device 1 1 0 includes a wafer-supporting platform 1 1 0a and a supporting axle 
1 1 0b, where the wafer 1 1 2 is placed on the wafer-supporting platform 1 1 0a. 
The supporting axle 1 1 0b can be used, via an elevating device (not shown), to 
adjust the height of the wafer-supporting platform 1 1 0a. 

[Para 28] The temperature-measuring device 1 1 4 includes a temperature 
sensor 1 1 4a and a temperature receiver 1 1 4b. The temperature sensor 1 1 4a 
is installed, for example, on the inner sidewall of the chamber 1 00 to measure 
the temperature of the inner sidewall of the chamber 100. In the present 
embodiment, the temperature sensor 1 1 4a is a thermo couple, for example. 
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Alternatively, two temperature sensors may be used for measuring the 
temperature of the inner sidewall, wherein, for example, one of the two 
temperature sensors can be installed on an upper portion of the inner sidewall 
of the chamber 1 00 and the other temperature sensor can be installed on a 
lower portion thereof. The temperature receiver 1 14b receives and stores the 
temperature data measured by the temperature sensor 1 14a. 

[Para 29] The water-cooling system 1 1 6 includes a cooling water piping 
1 1 6a and a flow-controlling device 1 1 6b (the temperature-controlling device 
of the chamber sidewall), for controlling the inner sidewall temperature of the 
chamber 1 00. The cooling water piping 1 1 6a encircles on the sidewalls of the 
chamber 1 00 and is connected to the flow-controlling device 1 1 6b. The flow- 
controlling device 1 1 6b is further connected to the temperature receiver 1 1 4b. 
Based on the temperature signals from the temperature sensor 1 14b, the flow 
rate of the cooling water is adjusted to control the temperature of the inner 
sidewalls of the chamber 100. 

[Para 30] The pressure-reducing device 1 1 8 is, for example, an air- 
extracting outlet connected to the chamber 1 00 for keeping a certain degree 
of vacuum within the chamber 100, wherein the vacuum can be created by 
extracting gases from the chamber 100. The gas-supplying device 120 is, for 
example, a gas inlet connected to the chamber 1 00 for supplying reaction 
gases to the chamber 1 00. Moreover, a process kit 1 22, for example, is 
installed in the chamber 1 00 to prevent metal from adhering to the sidewalls 
of the chamber during sputtering processes. 

[Para 31] In the sputtering apparatus of the present invention, the 
temperature-measuring device 1 14 is installed to measure the sidewall 
temperature of the chamber 1 1 0 such that the temperature-measuring device 
1 14 can be utilized in a sputtering process for feedback control of the water- 
cooling system 1 16 for maintaining the inner sidewall temperature of the 
chamber at about 50 °C ~ 70 °C, and thereby reducing difference of 
temperature distribution within the chamber so that the temperature within 
the chamber can be rendered substantially uniform. According to the present 
invention, when the titanium/titanium nitride layers are formed under a 
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substantially uniform temperature condition, the adhesive property of metal 
and metal compound can be substantially promoted, and also the deposition 
of metal compound particles can be substantially reduced. 

[Para 32] The following is a description on a manufacturing method of 
metal/metal compound by using the sputtering apparatus of the present 
invention. Manufacturing of titanium/titanium nitride is taken as an example 
for describing manufacturing method of the present invention. 

[Para 33] Further referring to Fig. 1 , first, the target metal 1 08 (e.g., a 
titanium metal) is placed on the cathode 1 02 and the wafer 1 1 2 is placed on 
the wafer-supporting platform 1 10a. Heat is then applied via radiation, as a 
pretreatment step, to reach a temperature of about 350 °C, for removing 
pollutants on the surface of the wafer. 

[Para 34] Next, argon is supplied to the chamber 1 00 by using the gas- 
supplying device 1 20. Temperature in the chamber 1 00 is then adjusted to, 
for example, about 250 °C, and pressure in the chamber is adjusted to a range 
of, for example, about tens of m-torr. The power-supplying device 1 06 is 
turned on to carry out sputtering (magnetron DC sputtering) of metal layer 
(titanium). At the same time when the sputtering process of metal layer 
(titanium) is performed, the inner sidewall temperature of the chamber 100 is 
controlled at about 50 °C ~ 70 °C. Method to control the inner sidewall 
temperature of the chamber 100 involves, for example, measuring the inner 
sidewall temperature of the chamber 100 by the temperature sensor 1 14a, 
sending the temperature signals to the temperature receiver 1 14b, and 
transferring such signals via the temperature receiver 1 1 4 to the flow- 
controlling device 1 1 6b so as to control the flow rate of cooling water and 
consequently to maintain the inner sidewall temperature of the chamber 100 
at a range, for example, about 50 °C ~ 70 °C. When the thickness of titanium 
reaches a predetermined value, for example 200 A, the process of titanium 
sputtering is then stopped. 

[Para 35] Subsequently, sputtering of metal compound (titanium nitride) is 
carried out in the same chamber. First, reaction gases, for example argon and 
nitrogen, are supplied to the chamber 1 10 through a gas-supplying device 
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1 20. The temperature in the chamber 1 00 is then adjusted to, for example, 
about 253 °C, and the pressure in the chamber is also adjusted to a range of, 
for example, about tens of m-torr. The power-supplying device 1 06 is turned 
on to carry out sputtering (reactive sputtering) of metal compound (titanium 
nitride). In the process of the sputtering of metal compound (titanium nitride), 
metal atoms (titanium atoms), as sputtered via ion bombardment, will react 
with nitrogen atom, as generated in plasma via dissociation reactions, to form 
metal compound (titanium nitride) depositing on the surface of the wafer. 
Similarly, in the process of the sputtering of metal compound (titanium 
nitride), feedback control of the water-cooling system 1 16 is achieved through 
the temperature-measuring device 1 14 for maintaining the inner sidewall 
temperature of the chamber 1 00 at about 50 °C - 70 °C. When the thickness 
of metal compound (titanium nitride) reaches a predetermined value, for 
example 400 A, the process of metal compound (titanium nitride) sputtering is 
then stopped. Then, the process of titanium/titanium nitride sputtering is 
completed on a wafer, and the wafer is removed from the chamber. Another 
wafer is subsequently loaded for another titanium/titanium nitride sputtering 
process. 

[Para 36] According to the embodiment of the present invention, during the 
titanium/titanium nitride sputtering processes, the sidewall temperature of the 
chamber is controlled to be maintained at about 50 °C and the number of 
particles on the wafer is measured, wherein the number of particles on the 
wafer with diameters greater than 0.2 urn is 20, and the number of particles 
with diameters greater than 1 .0 um is 3. On the other hand, in a condition 
when the sidewall temperature of the chamber isnot controlled, and the 
number of particles on the wafer with diameters greater than 0.2 urn were 86, 
and the number of particles with diameters greater than 1 .0 um were 23. 
Accordingly, it is evident that the sputtering process and apparatus of the 
present invention can effectively reduce particle deposition. 

[Para 37] The present invention provides a temperature-controlling device 
that is installed on a sidewall of the chamber of the sputtering apparatus, and 
during the process of titanium/titanium nitride sputtering, the sidewall 
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temperature of the chamber is controlled at about 50 °C ~ 70 °C, so that the 
difference of temperature distribution in the chamber is reduced, in other 
words, the temperature condition within the chamber can be rendered 
substantially uniform. According to the present invention, when 
titanium/titanium nitride layers are formed under a uniform temperature 
condition, the adhesive property of titanium and titanium nitride can be 
substantially improved, and also, the deposition of titanium nitride particles 
can be substantially reduced. 

[Para 38] In the foregoing embodiment of the present invention, while the 
temperature sensor has been described exemplarily with thermo couple, the 
temperature sensor can be other kinds of devices with a temperature 
measuring function. Additionally, while two of temperature sensors have been 
disclosed exemplarily in the embodiment, an appropriate number of the 
temperature sensors can be used in actual situations. 

[Para 39] In the foregoing embodiment, furthermore, while the process and 
apparatus are described exemplarily with the formation of titanium/titanium 
nitride, the process and apparatus can be employed to form other metal layers 
and metal compound layers as desired. 

[Para 40] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure of the present 
invention without departing from the scope or spirit of the invention. In view 
of the foregoing, it is intended that the present invention covers modifications 
and variations of this invention provided they fall within the scope of the 
following claims and their equivalents. 
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